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(57) ABSTRACT

An electrostatic chuck 1A includes a susceptor 11 A having an
adsorption face 11a of adsorbing a semiconductor, and an
electrostatic chuck electrode 4 embedded in the susceptor.
The susceptor 11A includes a plate shaped main body 3 and a
surface corrosion resistant layer 2 including the adsorption
face 2. The surface corrosion resistant layer 2 is made of a
ceramic material comprising magnesium, aluminum, oxygen
and nitrogen as main components. The ceramic material com-
prises a main phase comprising magnesium-aluminum
oxynitride phase exhibiting an XRD peak at least in 26=47 to
50° by CuKa X-ray.
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1
ELECTROSTATIC CHUCK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrostatic chuck
device of adsorbing and processing a semiconductor.

2. Description of Related Art

In a system of producing semiconductors used for dry
process or plasma coating in semiconductor production, it has
been used halogen-based plasma such as F, Cl or the like
having high reactivity for etching or cleaning. It is thus
required, for a member equipped to such semiconductor pro-
duction system, high corrosion resistance, so that it has been
generally used a member of an anti-corrosive metal such as
aluminum with alumite treatment, HASTELLOY or the like
or a ceramic material. Especially, it is necessary high corro-
sion resistance and low particle generation properties for an
electrostatic chuck or heater member supporting and fixing an
Si wafer, so that it has been used a high corrosion resistant
ceramic member such as aluminum nitride, alumina, sapphire
orthe like. As these materials are used for a long time, they are
gradually corroded to induce particle generation, so thatithas
been demanded a material whose corrosion resistance is fur-
ther improved. For attending such demands, it has been stud-
ied to use, as the material, magnesia, spinel (MgAl,O,) or a
composite material thereof whose corrosion resistance is
higher than that of alumina (For example, Patent document 1;
U.S. Pat. No. 3,559,426B).

In a production procedure of a semiconductor device, a
semiconductor is adsorbed and held on a wafer mounting face
of an electrostatic chuck, and the adsorbed and held semicon-
ductor wafer is subjected to various treatments such as heat-
ing or etching treatment. According to an electrostatic chuck,
an electrostatic electrode is embedded within a disk shaped
ceramic substrate having a wafer mounting face for generat-
ing an electrostatic force on the wafer mounting face. A heater
electrode (referred to as resistance heating member) is
optionally embedded therein for heating the wafer mounting
face. As to the ceramic substrate, it has been proposed those
made of alumina sintered body and aluminum nitride sintered
body, as well as those made of materials with high corrosion
resistance against fluorine such as yttria sintered body and
magnesia sintered body, for example, considering that the
electrostatic chuck is used under condition of contacting a gas
containing fluorine. For example, according to Japanese
Patent Publication No. 2001-308167 A, it is proposed an elec-
trostatic chuck of Johnson-Lahbeck type using a ceramics
containing magnesia (MgO) as its main phase.

SUMMARY OF THE INVENTION

According to conventional semiconductor production pro-
cesses, for preventing contamination of a wafer, it has been
used a strongly corrosive gas such as halogen based gas for
cleaning a system. Further, it is demanded temperature uni-
formity on wafer for forming a film uniformly on the wafer.

As amember for supporting and further heating an Si wafer
in a system for producing semiconductors, it has been widely
used a ceramic heater with a ceramic electrostatic chuck made
of AIN (aluminum nitride) as described above as an existing
art. It is thereby possible to obtain good temperature unifor-
mity on wafer in the initial stage of use. However, AIN is
corroded due to cleaning by a corrosive gas so that the shape
and roughness of the heater surface is changed. The tempera-
ture distribution is thereby changed as the use time passes so
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that the temperature uniformity cannot be maintained and the
adsorption force is deteriorated, which is problematic.

An object of the present invention is, in an electrostatic
chuck used for semiconductor processing, to maintain good
temperature uniformity for a long period of time and to pre-
vent deterioration of adsorption force, when it is used under
atmosphere of a halogen based corrosive gas or its plasma.

The present invention provides an electrostatic chuck com-
prising a susceptor having an adsorption face adsorbing a
semiconductor and an electrostatic chuck electrode embed-
ded within the susceptor. The susceptor includes a plate
shaped main body and a surface corrosion resistant layer
including the adsorption face. The surface corrosion resis-
tance layer is composed of a ceramic material comprising
main components comprising magnesium, aluminum, oxy-
gen and nitrogen, and the ceramic material comprises a main
phase comprising magnesium-aluminum oxynitride phase
exhibiting an XRD peak at least in 26=47 to 50° taken by
using CuKa ray.

The ceramic material of the present invention includes the
magnesium-aluminum oxynitride phase as the main phase,
and more superior in corrosion resistance against a strongly
corrosive gas such as a halogen based gas or the like com-
pared with aluminum nitride. By forming the surface corro-
sion resistant layer of the susceptor with this ceramic mate-
rial, it is resistive against the change of the surface state due to
the corrosion even in the case that it is used under corrosive
condition for a long time. It is thereby possible to obtain good
temperature uniformity on wafer and adsorption force for a
long time.

Further, the plate shaped main body may be formed with a
material with a high thermal conductivity and different from
the ceramic material, so that it is possible to facilitate thermal
conduction in planar directions on the susceptor to further
improve the temperature uniformity on wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1 is an XRD analytical chart obtained in Experiment
1.

FIG. 2 is EPMA element mapping images obtained in
Examples 1 and 4.

FIG. 3 is an XRD analytical chart obtained in Experiment
7.

FIG. 4 is an XRD analytical chart obtained in Experiment
10.

FIGS. 5(a), 5(b) and 5(c) are cross sectional views sche-
matically showing electrostatic chucks 1A, 1B and 1C,
respectively, according to embodiments of the present inven-
tion.

FIGS. 6(a), 6(b) and 6(c) are cross sectional views sche-
matically showing electrostatic chucks 1D, 1E and 1F,
respectively, according to embodiments of the present inven-
tion.

FIG. 7 is a cross sectional view schematically showing an
electrostatic chuck 1G according to an embodiment of the
present invention.

FIGS. 8(a), (b), (¢) and (d) are diagrams illustrating pre-
ferred production procedure of an electrostatic chuck.

DETAILED DESCRIPTION OF THE INVENTION

The novel ceramic material used in the present invention
will be described first, and details of the heating apparatus
will be described later.
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(Ceramic Material)

The inventors intensively studied corrosion resistance of a
ceramic material produced by molding a mixture of magne-
sium oxide, alumina and aluminum nitride powders and by
sintering the mold by hot press sintering. As a result, it was
found that considerably high corrosion resistance can be
obtained by the ceramic material including a main phase
composed of magnesium-aluminum oxynitride having an
XRD peak at a specific position.

That is, the inventive ceramic material comprises main
components comprising magnesium, aluminum, oxygen and
nitrogen, and the ceramic material comprises a main phase
comprising magnesium-aluminum oxynitride phase exhibit-
ing an XRD peak at least in 26=47 to 50° taken by using
CuKa ray.

The ceramic material of the present invention has corrosion
resistance comparable with, or superior than, that of spinel.
Therefore, the inventive susceptor can endure against halogen
based plasma such as F, Cl or the like used in a semiconductor
production process for a long time, so that it is possible to
reduce an amount of particles generated from the susceptor
member. Moreover, even when the susceptor is used for along
time under corrosive condition, the change of the surface state
due to corrosion can be reduced, so that it is possible to obtain
good temperature uniformity on a wafer for a long time.

The inventive ceramic material includes main components
including magnesium, aluminum, oxygen and nitrogen, and
the ceramic material includes a main phase comprising the
magnesium-aluminum oxynitride phase exhibiting an XRD
peak at least in 20=47 to 50° taken by using CuKa ray. As the
magnesium-aluminum oxynitride has corrosion resistance
against halogen based plasma comparable with, or superior
than, that of spinel, it is considered that the inventive ceramic
material including the oxynitride as its main phase also exhib-
its high corrosion resistance. Further, the magnesium-alumi-
num oxynitride has corrosion resistance comparable with that
of spinel, and at the same time, can have a linear thermal
expansion coefficient lower than that of spinel.

The inventive ceramic material may contain, as a sub
phase, crystal phase of MgO—AIN solid solution composed
of magnesium oxide to which aluminum nitride is dissolved.
The MgO—AIN solid solution is also anti-corrosive, so that it
is not problematic if it is contained as a sub phase. The XRD
peaks at (200) and (220) faces of the MgO—AIN solid solu-
tion taken by using CuKa ray may be observed in ranges of
20=42.9 to 44.8° and 62.3 to 65.2°, respectively, which are
between peaks of cubic phase of magnesium oxide and cubic
phase of aluminum nitride, respectively. Further, XRD peak
at (111) face may be observed in a range of 26=36.9 to 39°,
which is between peaks of cubic phase of magnesium oxide
and cubic phase of aluminum nitride. Since it may be difficult
to distinguish the peak at (111) face from the peaks corre-
sponding with the other crystalline phases, only the XRD
peaks at (200) face and (220) face may be observed in the
above ranges. Similarly, it may be difficult to distinguish the
peak at (200) face or the peak at (220) face from the peaks
corresponding with the other crystalline phases.

In the inventive ceramic material, for obtaining corrosion
resistance comparable with, or higher than, that of spinel, the
content of AIN crystal phase may preferably be lower and
more preferably AIN crystal phase is not contained, because
the corrosion resistance tends to be deteriorated in the case
that AIN crystal phase is contained as the sub phase. Further,
since the corrosion resistance of spinel is higher than those of
alumina and AIN crystals, a small amount of spinel may be
contained. However, since the corrosion resistance of spinel
is inferior to that of the inventive magnesium-aluminum
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oxynitride phase or MgO—AIN solid solution, it is preferred
that the content of spinel is lower. On the other hand, for
lowering the linear thermal expansion coefficient while main-
taining the corrosion resistance comparable with that of
spinel, a small amount of spinel or AIN crystal phase may be
contained.

In the inventive ceramic material, for obtaining corrosion
resistance comparable with, or higher than, that of spinel, a
molar ratio of magnesium/aluminum in powdery raw material
may preferably be 0.20 or higher and 2 or lower, and more
preferably be 0.75 or higher and 2 or lower. In the case that the
molar ratio of magnesium/aluminum is lower than 0.20, it
might be concerned that an amount of generation of either of
aluminum nitride, spinel and aluminum nitride would
become large to result in reduction of the superior anti-cor-
rosion characteristics. In the case that the molar ratio of
magnesium/aluminum exceeds 2, the MgO—AIN solid solu-
tion tends to become a main phase. On the other hand, for
lowering the linear thermal expansion coefficient while main-
taining the corrosion resistance comparable with that of
spinel, the molar ratio of magnesium/aluminum in the pow-
dery raw material may preferably be 0.05 or higher and 1.5 or
lower, and more preferably be 0.1 or higher and 1 or lower.

An open porosity of the inventive ceramic material may
preferably be 5% or lower. Here, the open porosity means a
value measured by Archimedean method using pure water as
a medium. In the case that the open porosity exceeds 5%,
there would be a risk that the strength is lowered or the
material itself would become susceptible to removal of grains
and the resultant particle generation, and particle components
tends to be stored in the pores during the processing of the
material, which is not preferred. Further, it is preferred that
the open porosity is nearer to zero as possible. The lower limit
of'it is not particularly defined.

According to the inventive ceramic material, the linear
thermal expansion coefficient of the magnesium-aluminum
oxynitride forming the main phase in a range of 40 to 1000°
C. is 6 to 7 ppm/K. Thus, by changing the ratios of the
sub-components such as the MgO—AIN solid solution (12 to
14 ppm/K), spinel (8 to 9 ppm/K), and aluminum nitride (5 to
6 ppm/K), the linear thermal expansion coefficient can be
controlled in a range of 5.5 to 10 ppm/K while maintaining
the high corrosion resistance. However, since spinel or alu-
minum nitride is lower in the corrosion resistance than the
magnesium-aluminum oxynitride or MgO—AIN solid solu-
tion, the contents thereof may be preferably smaller. By
adjusting the thermal expansion as such, it is possible to
match the thermal expansion with those of aluminum oxide,
yttrium oxide and aluminum nitride used for members for
semiconductor production systems. Alternatively, the differ-
ence of the thermal expansion coefficients can be reduced. By
these, it is possible to laminate or adhere the inventive
ceramic material onto a prior material. [t is thereby possibleto
use the inventive ceramic material with high corrosion resis-
tance for a surface part (first structural body) and to use the
prior material as a base material for a lower part (second
structural body). Such layered structure and the adjustment of
thermal expansion are particularly effective especially in the
co-sintering process. Among them, by using a material
mainly composed of aluminum nitride as the base material of
the second structural body, it becomes easier to maintain a
high thermal conductivity and to maintain the surface tem-
perature uniformity of the ceramic material with high corro-
sion resistance. Such construction is especially effective in a
system of producing semiconductors of so-called heater
embedded type.
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The inventive ceramic material may be used for a lami-
nated body having a first structural body utilizing the ceramic
material and a second structural body including, as its main
phase, at least one of aluminum nitride, yttrium oxide and
aluminum oxide. Further, it may have a structure in which the
first and second structural bodies are laminated or bonded
with each other. By applying the first structural body with
high corrosion resistance and the second structural body with
the other property (for example heat transmission or
mechanical strength), it is thereby possible to further improve
the corrosion resistance as well as the other properties. Here,
the first structural body may be a thin film, plate body or
laminated body formed with the ceramic materials. Further,
the second structural body may be composed of a thin film,
plate-shaped body or laminated body having aluminum
nitride, yttrium oxide and aluminum oxide as its main phase.
Besides, the bonding may be made according to any embodi-
ment, and for example may be bonded by sintering or an
adhesive agent, for example.

At this time, the first and second structural bodies may be
bonded with each other through an intermediate layer. By the
intermediate layer, it is thereby possible to further prevent the
peeling of the first and second structural bodies due to, for
example difference of thermal expansion coefficients. The
intermediate layer may be a layer having properties between
those of the first and second structural bodies. The interme-
diate layer may be, for example, a layer of mixing the main
phases of the first and second structural bodies. Further, the
intermediate layer may include a plurality of layers having
different components or ratios of components. It is thereby
possible to provide properties of a functionally graded mate-
rial.

Further, a difference of linear thermal expansion coeffi-
cients of the first and second structural bodies may be 0.3 ppm
or smaller, and the first and second structural bodies may be
directly bonded with each other. Since the difference of the
linear thermal expansion coefficients of the first and second
structural bodies is made thus small, it is possible to avoid the
risk of cracks or peeling, in the case that both structural bodies
are bonded with each other at a high temperature (for example
bonded by sintering) or the laminated body is repeatedly used
at high and low temperatures.

(Production of Ceramic Material)

The inventive ceramic material can be produced by mold-
ing powdery mixture of magnesium oxide, alumina and alu-
minum nitride and then by sintering. For example, for obtain-
ing high corrosion resistance comparable with, or higher
than, that of spinel, 15 mass percent or more and 66.2 mass
percent or less of magnesium oxide, 63 mass percent or less of
alumina and 57.7 mass percent or less of aluminum nitride
may be mixed to obtain powdery mixture, which may be
molded and then sintered. Further, 37 mass percent or more
and 66.2 mass percent or less of magnesium oxide, 63 mass
percent or less of alumina and 57.7 mass percent or less of
aluminum nitride may be mixed to obtain powdery mixture,
which may be molded and then sintered. On the other hand,
for lowering the linear thermal expansion coefficient to
improve temperature uniformity while maintaining the cor-
rosion resistance comparable with that of spinel, 5 mass per-
cent or more and 60 mass percent or less of magnesium oxide,
60 mass percent or less of alumina and 90 mass percent or less
of aluminum nitride may be mixed to obtain powdery mix-
ture, which may be molded and then sintered. Further, the
sintering temperature may preferably be 1750° C. or higher.
In the case that the sintering temperature is lower than 1750°
C., it would be a risk that the targeted magnesium-aluminum
oxynitride would not be generated, which is not preferred.
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Besides, although the upper limit of the sintering temperature
is not particularly limited, it may be 1850° C. or 1900° C., for
example. Further, hot press sintering may be preferably
applied for the sintering, and a pressure during the hot press
sintering may preferably be set in a range of 50 to 300 kgf/
cm?. Atmosphere during the sintering may preferably be that
which does not affect the sintering of the oxide raw material,
and may preferably be an inert atmosphere such as nitrogen,
argon, helium atmosphere or the like. The pressure for the
molding is not particularly limited and may be adjusted at any
pressure as far as it is possible to maintain the shape.
(Electrostatic Chuck)

Electrostatic chucks of the present invention will be
described below, appropriately referring to FIGS. 5to 7.

According to an electrostatic chuck 1A shown in FIG. 5(a),
a susceptor 11A is composed of a plate shaped main body 3
and a dielectric layer 2. According to the present example, a
back face 3¢ of the plate shaped main body 3 forms a back
face 115 of the susceptor 11A. The dielectric layer 2 is pro-
vided on the side of an upper face 3a of the plate shaped main
body 3, and an upper face of the dielectric layer 2 forms an
adsorption face 11a. According to the present example, an
electrostatic chuck electrode 4 is formed on the upper face 2a
of the dielectric layer 2 on the side of the plate shaped main
body. According to the present example, a side face 356 and
back face 3¢ of the plate shaped main body 3 are not covered
with a corrosion resistant layer.

According to the present example, the dielectric layer
forms a surface corrosion resistant layer, which is formed of
the ceramic material of the present invention.

The adsorption face 11a is not necessarily flat over the
whole face, and the adsorption face may be roughened, or it
may be formed a groove having a size comparable with that of
the substrate or a groove for flowing purge gas.

According to an electrostatic chuck 1B shown in FIG. 5(5),
a susceptor 11B is composed of a plate shaped main body 3
and a dielectric layer 2. According to the present example, a
back face 3¢ of the plate shaped main body 3 forms a back
face 115 of the susceptor 11B. The dielectric layer 2 is pro-
vided on the side of an upper face 3a of the plate shaped main
body, and an upper face of the dielectric layer 2 forms an
adsorption face 11a. According to the present example, it is
further provided a side face corrosion resistant layer 5a cov-
ering a side face 34 of the plate shaped main body.

According to the present example, the dielectric layer 2
forms the surface corrosion resistant layer, and formed of the
ceramic material of the present invention. The side face cor-
rosion resistant layer 5a was formed of the ceramic material
described above. The corrosion of the side face of the suscep-
tor would become a cause of particles as well as the change of
thermal radiation characteristics from the side face, which
adversely affects the temperature uniformity on wafer.
According the present embodiment, it is possible to prevent
corrosion on the side of the wafer as well as of the side face.

According to an electrostatic chuck 1C shown in FIG. 5(c),
a susceptor 11C is composed of a plate shaped main body 3
and a dielectric layer 2. According to the present example, a
back face 3¢ of the plate shaped main body 3 forms a back
face 115 of the susceptor 11C. The dielectric layer 2 is pro-
vided on the side of an upper face 3a of the plate shaped main
body, and an upper face of the dielectric layer 2 forms an
adsorption face 11a. According to the present example, it is
further provided a back face covering layer 556 covering a
back face 3¢ of the plate shaped main body. According to the
present example, the dielectric layer 2 forms the surface cov-
ering layer, and is formed of the ceramic material of the
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present invention. The back face covering layer 55 is also
formed of the ceramic material of the present invention.

In the case that a material having a thermal conductivity
higher than that of the ceramic material is used as a material
of' the plate shaped main body, the temperature uniformity on
wafer is improved due to the thermal conduction in the plate
shaped main body as a whole. However, in this case, since an
amount of heat dissipation from the back face 3¢ of the plate
shaped main body 3 is also increased, there is a possibility
that the temperature uniformity on wafer may be deteriorated
due to uneven thermal radiation. According to the present
embodiment, since the back face covering layer made of the
ceramic material is provided on the side of the back face of the
plate shaped main body, it is possible not only to realize the
corrosion resistance on the side of the back face, but also to
reduce the thermal radiation from the back face of the sus-
ceptor as awhole, so that the temperature uniformity on wafer
can be further improved.

An electrostatic chuck 1D shown in FIG. 6(a) is same as the
electrostatic chuck 1A shown in FIG. 5(a), except that a heat
resistance 6 is embedded within the plate shaped main body 3
of the susceptor 11D.

An electrostatic chuck 1E shown in FIG. 6(b) is same as the
electrostatic chuck 1B shown in FIG. 5(b), except that a heat
resistance 6 is embedded within the plate shaped main body 3
of the susceptor 11E.

An electrostatic chuck 1F shown in FIG. 6(c) is same as the
electrostatic chuck 1C shown in FIG. 5(c), except that a heat
resistance 6 is embedded within the plate shaped main body 3
of the susceptor 11F.

Although the heating member may preferably be embed-
ded within the susceptor, the heating member may be fitted to
the susceptor. Alternatively, the heating member may be an
outer heating member, such as an infrared ray heating device,
fitted at a position distant from the susceptor.

Further, a supporting part may be provided as shown in
FIG. 7. That is, a supporting part 9 is bonded to a lower face
(back face) 3¢ of the susceptor 1A. According to the present
example, the supporting part is tube shaped and a member 10
for supplying electricity is contained inside of the supporting
part 9. The member for supplying electricity is connected to
the electrostatic chuck electrode 4 through an electrical sup-
ply terminal 8.

It is preferred that the supporting part includes a step
therein, a large size part 95 is provided on the side of the
susceptor and a small size part 94 is provided on the opposite
side with respect to the step. A flange 9¢ is formed on an end
part of the large size part 95. Then, the end part of the large
size part is bonded to the back face of the susceptor so that the
center axis of the supporting part is concentric with that of the
susceptor.

The susceptor is plate shaped and preferably, substantially
circular disk shaped. Although the size of the susceptor is not
particularly limited, the diameter is 280 to 380 mm and thick-
ness is 8 to 20 mm, for example.

Further, in the case that the supporting part is provided, an
outer diameter of a bonding part of the susceptor and support-
ing part is 40 to 120 mm, for example.

According to the above examples, the dielectric layer is
composed of one or more surface corrosion resistant layer.
However, the dielectric layer may be composed of the surface
corrosion resistant layer and one or more intermediate layer,
and in this case, it is possible to further improve the adhesive
strength of the dielectric layer and plate shaped main body.

It will be described an example of using an electrostatic
chuck of the present embodiment. A wafer is mounted on an
adsorption face of the electrostatic chuck, and direct current

10

15

20

25

30

35

40

45

50

55

60

65

8

high voltage is applied onto the electrode 4 through the elec-
trical supply terminal of the electrode 4 to generate electro-
static force, so as to adsorb the wafer on the adsorption face.
Further, a heater electrical source is connected to the electri-
cal supply terminal of the resistance heater to control the
supplied electrical power, so that the temperature of the wafer
is controlled at a predetermined temperature. Under this con-
dition, the wafer is subjected to plasma CVD film formation
or plasma etching.

(Heating Member and Electrostatic Chuck Electrode)

A wire conductor may be bent and processed to a wounded
body, which may be used as the electrostatic chuck electrode
or heating member, for example. The wire diameter of the
heating member is about 0.3 to 0.5 mm, and the winding
diameter in the case of a coil shaped member is about 2 to 4
mm and the pitch is about 1 to 7 mm. The “winding diameter”
referred to herein means an inner diameter of the coil.

As the shape of the heating member or electrostatic chuck,
in addition to the coil shape, various shapes may be applied
such as ribbon, mesh, coil spring, sheet, film, printed elec-
trode or the like. Further, in a part adjoining a through hole
formed for supplying purge gas, lift pin or the like, the pattern
of the heating member may be optionally changed, for
example, the heating member may be turned away from the
through hole.

As the material of the heating member or electrostatic
chuck, it may be preferably used a conductive material with a
high melting point such as molybdenum (Mo), tungsten (w),
niobium (Nb), tungsten-molybdenum compound, or the like.

Further, alumina powder may be mixed with a printing
paste containing powder of conductive material having a high
melting point, such as tungsten, niobium, molybdenum, the
alloys thereof, tungsten/molybdenum compound, tungsten
carbide or the like, to provide a cermet.

(Material of Plate Shaped Main Body)

According to the inventive ceramic material, the linear
thermal expansion coefficient of the magnesium-aluminum
oxynitride forming the main phase in a range of 40 to 1000°
C. is 6 to 7 ppm/K. Thus, by changing the ratios of the
sub-components such as the MgO—AIN solid solution (12 to
14 ppm/K), spinel (8 to 9 ppm/K), and aluminum nitride (5 to
6 ppm/K), the linear thermal expansion coefficient can be
controlled in a range of 5.5 to 10 ppm/K while maintaining
the high corrosion resistance. However, since spinel or alu-
minum nitride is lower in the corrosion resistance than the
magnesium-aluminum oxynitride or MgO—AIN solid solu-
tion, the contents thereof may be preferably smaller. By
adjusting the thermal expansion as such, it is possible to
match the thermal expansion with those of aluminum oxide,
yttrium oxide and aluminum nitride used for members for
semiconductor production systems. It is thereby possible to
laminate or adhere the inventive ceramic material onto a prior
material.

Specifically, the materials of the plate shaped main body
include aluminum oxide, yttrium oxide, aluminum nitride,
silicon carbide, and may particularly preferably be aluminum
oxide, yttrium oxide or aluminum nitride.

In particular, by forming the plate shaped main body with
a material including aluminum nitride as its main phase, it is
possible to maintain high thermal conductivity and easier to
maintain the surface temperature of the corrosion resistant
ceramic material uniform.

According to a preferred embodiment, a difference
between the thermal expansion coefficient of the plate shaped
main body and that of the surface corrosion resistant layer is
0.3 ppn/K or smaller. In this case, when the plate shaped
main body and the corrosion resistant layer are bonded with
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each other at a high temperature (for example bonded by
integrated sintering) or when the laminated body is repeat-
edly used at high and low temperatures, the risk of cracks and
peeling can be avoided.

The plate shaped main body and each of the corrosion
resistant layer and back face covering layer may be bonded
through the intermediate layer. It is thereby possible to further
prevent the peeling of the corrosion resistant layer and back
face covering layer due to the difference of the thermal expan-
sion coefficients, for example. The intermediate layer is made
alayer whose properties are between those of the plate shaped
main body and the corrosion resistant layer or back face
covering layer.

Specifically, the intermediate layer may be a composite
ceramics obtained by sintering mixture of the ceramic mate-
rial described above and materials for the plate shaped main
body.

Further, the intermediate layer may be composed of a plu-
rality of layers and the compositions of the intermediate lay-
ers may be made different form each other to form a graded
material layer.

(Material of Supporting Part)

A material forming the supporting part 3 (so called shaft) is
not particularly limited and includes the followings.

Aluminum nitride, alumina, spinel, magnesium oxide

Preferably, the material of the supporting part 3 is made the
ceramic material described above. Even in this case, however,
the ceramic materials forming the susceptor and supporting
part are not necessarily identical and may be of compositions
different from each other in the composition range as
described above.

The inventors considered the cause of the deterioration of
temperature uniformity when the temperature is deviated
from a designed temperature, and speculated that the contri-
bution of radiation thermal conduction becomes predominant
among three kinds of thermal conduction patterns at a high
temperature. For example, the supporting part is bonded to
the central portion of the susceptor, so that solid thermal
conduction is predominant at a low temperature and escape of
heat from the central portion of the susceptor becomes larger
at a low temperature, and the temperature in the central por-
tion is not increased. However, at a high temperature, the
contribution of the thermal conduction by radiation becomes
relatively large and escape of heat is facilitated in the outer
portion without the supporting part than the central portion of
the susceptor. The heat dissipation by radiation in the outer
portion becomes relatively large, so that the temperature in
the outer portion becomes lower than that of the central por-
tion and the temperature uniformity is deteriorated at a high
temperature. As a result, by forming the supporting part with
the ceramic material as described above, since its thermal
conduction is lower than that of aluminum nitride or the like,
it is easier to obtain good temperature uniformity over a wide
range of operation temperature.

(Production of Electrostatic Chuck)

Although it is not limited a method of producing the elec-

trostatic chuck of the present invention, a preferred produc-
tion method will be described referring to FIG. 8.
(a) According to the production method described above,
mixture of magnesium oxide powder, alumina powder and
aluminum nitride powder is sintered to obtain a dense sintered
body. That is, the formulated powder described above is sub-
jected to uniaxial pressure molding to produce a plate shaped
molded body. The molded body is subjected to hot press
sintering to obtain a ceramic sintered body 2A for the dielec-
tric layer.
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(b) Then, as shown in FIG. 8(a), one face 2a of the sintered
body 2A is polished to form a flat surface. According to the
procedure described below, the sintering temperature of pro-
ducing the sintered body for the plate shaped main body is
lower than, or comparable with, that of a sintered body for the
dielectric layer. It is thus considered that the surface flatness
of'the polished surface formed in the step (b) is maintained as
it is. Therefore, the surface flatness of the main face 2a form-
ing the electrode in the sintered body finally becomes a
parameter considerably contributing to a deviation of thick-
ness, which is defined as a deviation of thickness from the
adsorption face of wafer to a flat plate shaped electrode Then,
for lowering the deviation of thickness to 100 um or smaller,
the surface flatness of the face 2a polished in the step (b) may
preferably be 10 um or smaller and more preferably be 5 pm
or smaller.

(c) Then, as shown in FIG. 8(5), the electrostatic chuck elec-
trode 4 is formed on the polished face 2a of the sintered body
2A.

For example, the electrode and heating resistance can be

formed by printing on the surface of the sintered body by
screen printing or the like. In this case, it is preferable that
alumina powder is added to a printing paste containing pow-
der of a high melting point conductive material such as tung-
sten, niobium, molybdenum, the alloys thereof and tungsten
carbide. It is thereby possible to improve the adhesion
between the main body and the electrode or heating resis-
tance. Further, the electrode may be also formed by mounting,
on the sintered body, a bulk body (metal mesh) of a conduc-
tive material with a high melting point having a shape of a
mesh, a bulk body (punching metal) of a conductive material
having a high melting point with many holes provided
therein, or the like. Further, the heating resistance may be also
formed by mounting, on the sintered body, a bulk body of a
coil made of a wire of a conductive material having a high
melting point, or a bulk body (metal mesh) of a conductive
material having a high melting point having a shape of a
mesh.
(d) As shown in FIG. 8(¢), on the main face 2a where the
electrode paste is printed on the sintered body, raw material
containing ceramics such as aluminum nitride as its main
component is molded to produce a molded body 14 of alumi-
num nitride. It is then pressurized in a direction of an axis and
sintered under inert gas atmosphere such as nitrogen gas or
argon gas.

In the case of aluminum nitride, it is preferred that the
sintering is performed in 1400 to 2000° C. under inert gas
atmosphere such as nitrogen gas or argon gas. In the case that
the sintering temperature is lower than 1400° C., its densifi-
cation becomes difficult. In the case that the sintering tem-
perature exceeds 2000° C., the volume resistivity becomes
low. The temperature may more preferably be 1600 to 2000°
C., so that it is possible to further stabilize the characteristics
of the thus obtained main body. Further, until the maximum
temperature, it is preferred that the temperature is elevated at
an elevation speed of 200° C./hour or lower. Further, it is
preferred to hold at the maximum temperature for 1 to 10
hours. Although the sintering method is not limited, it is
preferred to apply hot press sintering, because it can be
obtained a dense aluminum nitride sintered body and the
volume resistivity of the thus obtained aluminum nitride sin-
tered body can be further improved. In this case, the applied
pressure may preferably be 10 to 30 MPa, because it is pos-
sible to obtain more dense sintered body for the main body.
For example, the molded body is sintered at a pressure of 20
MPa and at the maximum temperature of 1830° C. for 2
hours.
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(e) Then, as shown in FIG. 8(d), a main face 12 of the sintered
body 2A opposing to the aluminum nitride powder sintered
body 3 is polished to form a wafer adsorption face 1a. It is
thus possible to obtain a susceptor having a thickness devia-
tion of 100 pm or smaller, which indicates deviation of thick-
ness from the wafer adsorption face to the electrode 4.

That is, since swells are not generated in the electrode 4 at
the sintering temperature of the aluminum nitride sintered
body, it is possible to maintain the thickness deviation from
the wafer adsorption face to the flat plate shaped electrode at
a small value. A through hole is formed in the central portion
of the back face of the plate shaped main body 3 of the
susceptor to the flat plate shaped electrode, and the cylindrical
terminal 8 (refer to FIG. 7) is fitted into the through hole, so
that a voltage can be applied through the terminal to the flat
plate shaped electrode.

(Halogen Based Corrosive Gas)

The inventive susceptor is superior in the corrosion resis-
tance against the halogen based corrosive gas and its plasma,
and especially excellent in the corrosion resistance against the
following halogen based corrosive gasses, the mixtures and
plasmas.

NEF,, CF,, CIF;, Cl,, BCl,, HBr

EXAMPLES
Production and Evaluation of Ceramic Material

Preferred applications of the present invention will be
described below. As MgO, Al,0; and AIN raw materials, they
were used commercial products each having a purity of 99.9
mass percent or higher and an average particle size of 1 um or
lower. Here, as about 1 percent of oxygen is inevitable in the
AIN raw material, the above described purity is calculated
after oxygen content is excluded from the impurity contents.
Further, even in the case that it is used MgO material having
a purity of 99 mass percent or higher, it could be produced a
ceramic material comparable with that produced by using
MgO material having a purity of 99.9 mass percent or higher.
1. Ceramic Material

First, it will be described the ceramic material containing
magnesium, aluminum, oxygen and nitrogen as the main
components (Experiments 1 to 19). Besides, the experiments
1 to 3 and 6 to 16 correspond to inventive examples and
experiments 4, 5 and 17 to 19 correspond to comparative
examples.

Experiments 1 to 3
Formulation

Raw materials of MgO, Al,O, and AIN were weighed
according to the mass % shown in table 1, and then wet-mixed
using isopropyl alcohol as a solvent, nylon pot and alumina
grinding stone with a diameter of 5 mm for 4 hours. After the
mixing, slurry was collected and dried in nitrogen flow at
110° C. Thereafter, the dried matter was passed through a
sieve of 30 mesh to obtain formulated powder. Besides, the
molar ratio of Mg/Al in the formulated powder was 1.2
(Molding)

The formulated powder was subjected to uniaxial press
molding at a pressure of 200 kgfilcm” to produce a disk-
shaped molded body having a diameter of about 35 mm and a
thickness of about 10 mm, which was then contained in a
graphite mold for sintering.
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(Sintering)

The disk-shaped body was subjected to hot press sintering
to obtain the ceramic material. The hot press sintering was
performed at a pressure of 200 kgf/cm® and at a sintering
temperature (the maximum temperature) shown in table 1, in
Ar atmosphere until the completion of the sintering. The
holding time at the sintering temperature was made 4 hours.

Experiment 4

The ceramic material was obtained according to the same
procedure as the Experiment 1, except that raw materials of
MgO and Al,O; were weighed according to the mass %
shown in table 1.

Experiment 5

The ceramic material was obtained according to the same
procedure as the Experiment 1, except that the sintering tem-
perature was set at 1650° C.

Experiments 6 to 12

The ceramic material was obtained according to the same
procedure as the Experiment 1, except that raw materials of
MgO, Al,O, and AIN were weighed according to the mass %
shown in table 1 and that the sintering temperature was made
that shown in table 1.

Experiments 13 to 19

The ceramic material was obtained according to the same
procedure as the Experiment 1, except that raw materials of
MgO, Al,O, and AIN were weighed according to the mass %
shown in table 1, that the sintering temperature was made that
shown in table 1, and that the atmosphere during the sintering
was made N,.

(Evaluation)

Each of the materials obtained in the experiments 1 to 19
was processed adapted for various evaluation procedures and
the following evaluations were performed. The result of each
evaluation was shown in table 1. Besides, according to each of
the experiments 1 to 19, another sample having a diameter of
50 mm was also produced and it was proved that the samples
provided evaluation results similar to those shown in table 1.
(1) Bulk Density, Open Porosity

They were measured according to Archimedean method
using pure water as a medium.

(2) Evaluation of Crystal Phase

The material was ground using a mortar and its crystal
phase was identified by an X-ray diffraction system. The
condition of the measurement was made CuKa, 40 kV, 40
mA, and 26=5 to 70° with a sealed tube type X-ray diffraction
system (“D8-ADVANCE” supplied by Bruker AXS corpora-
tion) used.

(3) Etching Rate

The surface of each of the materials was polished to a
mirror face, which was then subjected to corrosion resistance
test using an ICP plasma corrosion resistance test system
according to the following conditions. The step of a masked
face and exposed face was measured by a step gauge and the
step value was divided by a test time period to calculate the
etching rate of each material.

ICP: 800 W, Bias: 450 W, Introduced gas: NF3/02/Ar=75/
35/100 scem, 0.05 Torr (6.67 Pa), Exposed time period: 10hr,
Temperature of sample; Room temperature
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(4) Constituent Atoms

The detection, identification and analysis of content of
each constituent atom were performed using EPMA.

(5) Average Linear Thermal Expansion Coefficient (40 to
1000° C.)

The measurement was performed using a dilatometer (sup-
plied by Bruker AXS corporation) under argon atmosphere.
(6) Bending Strength

It was measured by bending strength test according to
JIS-R1601.

(7) Measurement of Volume Resistivity

It was measured a method according to JIS-C2141 in air at
room temperature (25° C.). The shape of a test sample was of
a diameter of 50 mmx(0.5 to 1 mm), and a main electrode
with a diameter of 20 mm, a guard electrode with an inner
diameter of 30 mm and an outer diameter of 40 mm and an
applying electrode with a diameter of 40 mm were formed,
while the electrodes were made of silver. A voltage of 2 kV
was applied and it was read a current value at a time point 1
minute after the application of the voltage, and the current
value was used to calculate a volume resistivity at room
temperature. Further, as to the Experiments 7 and 19 (MgO
sintered body), it was measured in vacuum (0.01 Pa or below)
and at 600° C. The shape of a test sample was of a diameter of
50 mmx(0.5 to 1 mm), and a main electrode with a diameter
of' 20 mm, a guard electrode with an inner diameter of 30 mm
and an outer diameter of 40 mm and an applying electrode
with a diameter of 40 mm were formed while the electrodes
were made of silver. A voltage of 500V/mm was applied and
it was read a current value at a time point 1 hour after the
application of the voltage, and the current value was used to
calculate a volume resistivity. Further, in values of the volume
resistivity shown in table 1, “aEb” represents ax10?, and, for
example, “1E16” represents 1x10"°.

(Evaluation Results)

FIG. 1 shows an XRD analytical chart obtained in Experi-
ment 1. Further, XRD analytical charts obtained in Experi-
ments 2 and 3 were proved to be substantially same as that in
the Experiment 1, the charts were not shown. Further, table 1
shows crystal phases detected in all of the Experiments 1 to
19. As shown in FIG. 1, the XRD analytical charts of the
ceramic materials according to the Experiments 1 to 3 include
a plurality of unidentified peaks (7 in FIG. 1) and peaks (O
in FIG. 1) corresponding with the MgO—AIN solid solution
composed of magnesium oxide into which aluminum nitride
is dissolved. The unidentified peaks “[J” include peaks in a
range of 20=47 to 49° (47 to 50°) which do not correspond
with those of magnesia, spinel and aluminum nitride, and it
was assumed to be magnesium-aluminum oXynitride.
Besides, these peaks of the magnesium-aluminum oxynitride
are not identical with those of MgAION (or MAGALON)
shown in reference 1 (J. Am. Ceram. Soc., 93 [2] pages 322 to
325(2010)) and reference 2 (Japanese Patent Publication No.
2008-115065A). Generally, the MgAION is known to be
spinel with N component dissolved therein, and it is thus
considered that its crystal structure is different from that of
the inventive magnesium-aluminum oxynitride.

The XRD peaks corresponding with (111) face, (200) face
and (220) face of the MgO—AIN solid solution were shown
in 20=36.9 to 39°, 42.9 to 44.8° and 62.3 to 65.2°, respec-
tively, which are between the peaks of cubic phase of mag-
nesium oxide and cubic phase of aluminum nitride. FIG. 2
shows EPMA element mapping images obtained in the
Experiment 1. As shown in FIG. 2, it was proved that the
material of the Experiment 1 is composed ofthe two phases of
the magnesium-aluminum oxynitride (“x” part) shown in
FIG. 1 and the MgO—AIN solid solution (“y” part) and that
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the former forms the main phase. Here, the main phase means
a component occupying 50 percent or more in volume ratio,
and sub-phase means a phase other than the main phase and
whose XRD phase is identified. A ratio of area at an observed
cross section is considered to reflect the volume ratio, so that
the main phase is defined as an area having a area ratio of 50
percent or more in an EPMA element mapping image and the
sub phase is defined as an area other than the main phase. As
shown in FIG. 2, the ratio of area of the magnesium-alumi-
num oxynitride was about 66 percent and the magnesium-
aluminum oxynitride was proved to be the main phase.
Besides, “x” part is identified as the magnesium-aluminum
oxynitride, because it was composed of four components of
Mg, Al, O and N, and the contents of Mg and N were higher
than, Al content was close to and O content was lower than
those in spinel material (“z” part) obtained in the Experiment
4. That is, the magnesium-aluminum oxynitride is character-
istic in containing more Mg than spinel. Similar analysis was
performed for the other Experiments and, for example, it was
proved that the ratio of area of the magnesium-aluminum
oxynitride was about 87 percent to constitute the main phase
in the Experiment 10. Further, although the judgment of the
main and sub phases was performed by the EPMA element
mapping according to the present example, another method
may be applied as far as it is possible to distinguish the
volume ratio of each phase.

Besides, an EPMA element mapping image is divided into
colors ofred, orange, yellow, yellowish green, green, blue and
indigo blue depending on the contents, so that red, indigo blue
and black correspond to the highest content, the lowest con-
tent and zero, respectively. However, as FIG. 2 is shown in
monochrome, the following description is given for original
colors in FIG. 2 below. According to the Experiment 1, “x”
and “y” parts were colored in yellowish green and red for Mg,
respectively, “x” and “y” parts were colored in orange and
blue for Al, respectively, “x” and “y” parts were colored in
orange and blue for N, respectively, and “x” and “y” parts
were colored in aqua blue and orange for O, respectively.
According to the Experiment 4, the whole area (“z” part) was
colored in green for Mg, the whole area was colored in orange
for Al, the whole area was colored in black for N, and the
whole area was colored in red for O.

Further, according to the Experiment 4, as aluminum
nitride was not used, the above described magnesium-alumi-
num oxynitride was not generated, so that the ceramic mate-
rial contained, as the main phase, spinel (MgAl,0O,). Accord-
ing to the Experiment 5, as the sintering temperature was low,
the above described magnesium-aluminum oxynitride was
not generated, so that the ceramic material contained magne-
sium oxide as the main phase and spinel and aluminum nitride
as the sub phases. FIGS. 3 and 4 show XRD analytical charts
of the Experiments 7 and 10, respectively. As can be seen
from FIGS. 3 and 4, it was mainly detected the magnesium-
aluminum oxynitride (] in the figures) having peaks in a
range of 20=47 to 49 (or 47 to 50°) in the Experiments 7 and
10, and spinel (A in the figure) and MgO—AIN solid solution
(O in the figure) were found as the sub phases in the Experi-
ments 7 and 10, respectively. Besides, the XRD analytical
charts were omitted as to the Experiments 6, 8, 9, 11 and 12
and the main and sub phases are shown in table 1.

Then, the etching rates of the ceramic materials of the
Experiments 1 to 3 and 6 to 8 were as low as 80 percent or
lower, and the etching rates in the Experiments 9 to 12 were as
low as 90 percent or lower, of that in the Experiment 4. It was
thus proved that the corrosion resistance was very high. As
that of'the Experiment 5 includes much amounts of spinel and
aluminum nitride with lower corrosion resistance, the etching
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rate was proved to be higher. Besides, the etching rate of
alumina shown in the Experiment 18 was higher than that of
the ceramic material (spinel) of the Experiment 4. The
ceramic materials of the Experiments 1 to 3 and 6 to 8 have
sufficiently high bending strengths and volume resistivities.

It was further measured an etching rate at high temperature.
Here, for the ceramic materials of the Experiments 2 and 10,
the surface of each of the materials was polished to a mirror
face and subjected to corrosion resistance test at high tem-
perature under the following conditions using an ICP plasma
corrosion resistance test system. Then, a step between the
masked face and exposed face measured by a step gauge is
divided by a test time period to calculate the etching rate of
each material. As a result, the etching rate of each material
was Y5 or lower of that of alumina, % or lower of that of
aluminum nitride, and comparable with that of spinel, and the
corrosion resistance against plasma at high temperature was
also good.

ICP: 800 W, Bias: none, Introduced gas: NF;/Ar=300/300
sccm, 0.1 Torr, Exposed time: 5 h, Temperature of sample:
650° C.

According to the ceramic materials of the Experiments 12
to 16, the etching rate (212 to 270 nm/h) was very close to that
of spinel of the Experiment 4, and the linear thermal expan-
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sion coefficient (5.8 to 6.9 ppm/K) was lower than that of
spinel. That is, the ceramic materials of the Experiments 12 to
16 were proved to have corrosion resistance comparable with
that of spinel while providing a lower linear thermal expan-
sion coefficient, so that they are useful for materials of an
electrostatic chuck and heater, especially heater. Besides,
although raw material composition of the Experiment 17 was
made identical with that of the Experiment 6, the sintering
temperature was made lower. Consequently, its main phase
was not the magnesium-aluminum oxynitride but spinel, so
that its corrosion resistance was lowered and linear thermal
expansion coefficient was higher compared with those of the
Experiment 6. Further, the ceramic materials of the Experi-
ments 12 to 16 have sufficiently high bending strength and
volume resistivity.

Further, the volume resistivities at 600° C. in the Experi-
ments 7 and 19 were 5x10® Q-cm and 2x10'? Q-cm, respec-
tively. It was proved that the ceramic material having, as the
main phase, the magnesium-aluminum oxynitride phase hav-
ing an XRD peak at least in a range of 26=47 to 49° (or 47 to
50°) has an electrical resistance lower than that of MgO.

As described above, it is predicted that the ceramic mate-
rials produced in the Experiments 1 to 3 and 6 to 16 also have
electrical resistances lower than that of magnesium oxide.

TABLE 1
First Second Third
Relationship ~ Component Component component Mg/Al Sintering Bulk Open
With (MgO) (Al203) (AIN) molar Temperature Density porosity
invention (mass %) (mass %) (mass %) ratio °C) g/em?2 (%)
Exp. 1 Inventive 51.6 21.9 26.5 1.2 1850 3.40 0.04
Exp. 2 Example 51.6 21.9 26.5 1.2 1800 3.37 0.03
Exp. 3 51.6 21.9 26.5 1.2 1750 3.38 0.03
Exp. 4 Comparative 28.2 71.8 — 0.5 1850 3.57 0.01
Exp. 5 Example 51.6 21.9 26.5 1.2 1650 3.47 0.01
Exp. 6 Inventive 33.3 30.2 36.4 0.7 1775 3.28 0.02
Exp. 7 Example 27.6 32.8 39.6 0.4 1800 3.30 0.02
Exp. 8 33.9 223 43.8 0.6 1800 3.28 0.01
Exp. 9 28.1 24.3 47.7 0.4 1850 3.25 0.02
Exp. 10 28.1 24.3 47.7 0.4 1800 3.26 0.02
Exp. 11 28.1 24.3 47.7 0.4 1750 3.26 0.03
Exp. 12 18.6 275 54.0 0.3 1800 3.33 0.02
Exp. 13 9.6 11.0 79.4 0.1 1800 3.27 0.01
Exp. 14 9.6 11.0 79.4 0.1 1850 3.27 0.08
Exp. 15 24.2 255 50.2 0.4 1800 3.27 0.12
Exp. 16 9.4 19.4 71.2 0.1 1900 3.27 0.02
Exp. 17 Comparative 33.3 30.2 36.4 0.7 1700 3.28 0.03
Exp. 18 Example 0 100 0 — 1700 3.94 0.01
Exp. 19 100 0 0 — 1500 3.57 0.30
Linear thermal
NF; expansion Volume
Etching coefficient Volume Resistivity
Crystal phase Rate  @40~1000° C. Strength Resistivity @600° C.
Main phase Sub phase (nm/h) (ppm/K) (MPa) @25°C.(Q-cm) (Q-cm)
Exp.1 Mg—Al—O—N* MgO—AINss** 176 9.5 240 >1E16 —
Exp.2 Mg—Al—O—N* MgO—AINss** 177 9.3 291 >1E16 —
Exp.3 Mg—Al—O—N* MgO—AINss** 179 9.6 320 >1E16 —
Exp.4 MgAl,O, None 244 8.6 168 >1E16 —
Exp.5 MgO MgAl,O,, AIN 224 >10 350 >1E16 —
Exp.6 Mg—Al—O—N* MgO—AINss** MgAl,O, 181 7.7 236 >1E16 —
Exp.7 Mg—Al—O—N* MgAlLO, 191 7.3 242 >1E16 SE8
Exp.8 Mg—Al—O—N* MgO—AINss** 195 7.6 272 >1E16 —
Exp.9 Mg—Al—O—N* MgO—AINss** 210 7.1 233 >1E16 —
Exp. 10 Mg—Al—O—N* MgO—AINss** 209 7.1 257 >1E16 —
Exp. 11 Mg—Al—O—N* MgO—AINss** 211 7.1 265 >1E16 —
Exp. 12 Mg—Al—O—N* AIN, MgAL,O, 219 6.9 387 >1E16 —
Exp. 13 Mg—Al—O—N* AIN, MgAL,O, 270 5.8 304 >1E16 —
Exp. 14 Mg—Al—O—N* AIN MgAlL,O, 255 6.0 304 >1E16 —
Exp. 15 Mg—Al—O—N* MgAlL,O, 212 6.9 283 >1E16 —
Exp.16 Mg—Al—O—N* AIN, MgAL,O, 230 6.2 320 >1E16 —
Exp. 17 MgAl,O, AIN, MgO 256 8.1 400 — —
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TABLE 1-continued

18

623

Exp. 18 ALO; None

Exp. 19 MgO

8.0

290

240 >1E16 2E12

*Mg—Al—O—N: Magnesium-aluminum oxynitride (XRD: peaks in 20 = 47-49°)
**MgO—AINss: MgO—AIN solid solution
[—]: not measured

2. Laminated Sintering

Next, it will be described a laminated body provided by
laminated sintering of first and second structural bodies uti-
lizing the ceramic material described above (Experiments 20
to 26). Besides, the Experiments 20 to 24 correspond to the
inventive examples and the Experiments 25 and 26 corre-
spond to comparative examples.

Experiments 20 and 21

The ceramic materials of the Experiments 4 and 6 to 12
have average linear thermal expansion coefficients of 7 to 9
ppn/K in 40 to 1000° C. According to the Experiments 20 and
21, as shown table 2, the first structural body was made of the
ceramic material of the Experiment 10, and the second struc-
tural body was made of aluminum nitride. The first and sec-
ond structural bodies were laminated and molded to a provide
a sample having a diameter of 50 mm, which was subjected to
laminated sintering. As the aluminum nitride, it was used
aluminum nitride to which 5 mass percent of yttrium oxide
was added as a sintering aid in outer addition (that is, 5 mass
parts of Y,O; was added to 100 mass parts of AIN, referred to
as AIN [1]), or aluminum nitride to which 50 mass percent of
yttrium oxide was added (That is, 50 mass parts of Y,O; was
added to 100 mass parts of AIN, referred to as AIN [2]). As
raw materials of aluminum nitride and yttrium oxide, it was
used commercial products having a purity of 99.9 mass per-
cent or higher and an average particle size of 1 pm or smaller.
Here, as AIN material inevitably contains about 1 mass per-
cent of oxygen, the purity was calculated after oxygen is
removed from impurity elements. Further, since the average
linear thermal expansion coefficient in 40 to 1000° C. was 5.7
ppnV/K in AIN [1] and 6.2 ppm/K in AIN[2], it is provided a
difference of thermal expansion between the first and second
structural bodies. Therefore, between the first and second
structural bodies, it was provided an intermediate layer in
which the raw materials of AIN[1] or AIN[2] and raw mate-
rials of the Experiment 10 were mixed. The difference of
thermal expansion can be relaxed by the intermediate layer. In
the Experiment 20 using AIN[1], the intermediate layer was
composed of three layers having mass ratios of 25:75, 50:50
and 75:25, respectively, and in the Experiment 21 using AIN
[2], the intermediate layer was composed of two layers having
mass ratios or 40:60 and 6040, respectively. It will be
described steps of formulation, molding and sintering below
in detail.

(Formulation)

As the raw material of the first structural body, it was used
formulated powder produced according to the similar proce-
dure as the Experiment 10 described above. The raw material
of the second structural body was produced as described
below with aluminum nitride as the main phase. In AIN [1] of
the second structural body, first, aluminum nitride powder
and yttrium oxide powder were weighed in a ratio of 100 mass
percent and 5.0 mass percent, and then wet-mixed using
isopropyl alcohol as a solvent, a nylon pot and nylon agitating
media for 4 hours. After the mixing, slurry was collected and
dried in nitrogen flow at 110° C. Thereafter, it was passed
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through a sieve of 30 mesh to produce formulated powder.
Further, the thus obtained formulated powder was thermally
treated at 450° C. for 5 hours or longer in air atmosphere to
fire and remove carbon contents included during the wet
mixing. The intermediate layer of the laminated body using
AINJ[1] was formulated as follows. First, the formulated pow-
ders of the Experiment 10 and aluminum nitride described
above were weighed in mass ratios of 75:25 (intermediate
layer 1), 50:50 (intermediate layer 2), and 25:75 (intermedi-
ate layer 3), and then wet-mixed using isopropyl alcohol as a
solvent, a nylon pot and nylon agitating media for 4 hours.
After the mixing, the slurry was collected and then dried in
nitrogen flow at 110° C. Thereafter, it was passed through a
sieve of 30 mesh to provide formulated powder. AIN[2] of the
second structural body was produced according to the same
procedure as AIN[1], except that the aluminum nitride pow-
der and yttrium powder were mixed in a ratio of 100 mass
percent and 50 mass percent, respectively. Further, the inter-
mediate layer of the laminated body using AIN[2] was for-
mulated according to the same procedure as AIN[1], except
that the formulated powder of the Experiment 10 and that of
the aluminum nitride described above were mixed in mass
ratios of 60:40 (intermediate layer 1) and 40:60 (intermediate
layer 2), respectively.

(Molding)

First, the aluminum nitride formulated powder as the raw
material of the second structural body was filled in a metal
mold having a diameter of 50 mm, and molded by uniaxial
pressure molding at a pressure of 200 kgf/cm?®. The aluminum
nitride molded body was not drawn out of the mold, and
formulated powders of the intermediate layers were filled
thereon in the descending order of aluminum nitride contents,
while a pressure of 200 kgf/cm? was applied after each of the
filling procedure by uniaxial pressure molding. Lastly, the
formulated powder of the Experiment 10 as the raw material
of'the first structural body was filled and then pressure molded
at a pressure of 200 kgf/cm?. As to the laminated body using
AINJ1], it was prepared a disk-shaped molded body having a
total thickness of 23 mm and including an aluminum nitride
layer of 10 mm as the second structural body, three interme-
diate layers each having a thickness of 1 mm and the layer of
the Experiment 10 as the first structural body of 10 mm.
Further, as to the laminated body using AIN[2], it was pre-
pared a disk-shaped molded body having a total thickness of
22 mm and including an aluminum nitride layer of 10 mm as
the second structural body, two intermediate layers each hav-
ing a thickness of 1 mm and the layer of the Experiment 10 as
the first structural body. These laminated and disk-shaped
bodies were contained in a graphite mold for sintering.
(Sintering)

The disk-shaped molded body contained in the graphite
mold for sintering was subjected to hot press sintering to
obtain a ceramic material by integrated sintering. The hot
press sintering was performed at a pressure of 200 kgf/cm?, a
sintering temperature of 1800° C., and in Ar atmosphere until
the completion of the sintering. The holding time period at the
sintering temperature was made 4 hours. Besides, as to the
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Experiments 20 and 21, the sintering was also performed at a
sintering temperature of 1750° C. (Experiments 20-1 and
21-1).

According to the sintered body obtained in the production
method described above, in both of the laminated bodies
using AIN[1] (Experiments 20, 20-1) and using AIN[2] (ex-
periments 21 and 21-1), the upper part of the sintered body
was composed of the magnesium-aluminum oxynitride with
high corrosion resistance, the lower part was composed of a

20

yttrium oxide and the laminated sintering was performed
without the intermediate layer in N, atmosphere. According
to the Experiment 24, as shown in table 2, a laminated body
was obtained according to the same procedure as the Experi-
ment 20, except that the first structural body was made of the
ceramic material of the Experiment 13, the second structural
body was made of aluminum nitride AIN[ 1] and the laminated
sintering was performed without the intermediate layer in N,
atmosphere. In all of the Experiments 22 to 24, cracks and
fractures were not found at the interfaces between the layers.

sintered body mainly composed of aluminum nitride with 1o Further, according to each of the Experiments 22 to 24, the
high thermal conductivity and an intermediate layer was pro- difference of the linear thermal expansion coefficients of the
vided between them. In the intermediate layer, the Al content first and second structural bodies was as low as 0.3 ppm/K or
was inclined so that the Al content is made higher from the lower, so that it was possible to prevent the generation of
first structural body toward the second structural body. s cracks and fractures without providing the intermediate layer.
Cracks, fractures or the like were not observed at interfaces of It is considered that, similarly as the Experiments 20 and 21,
the layers of the sintered bodies. It is considered that thermal such laminated body may be preferably applied for a member
stress during the sintering could be avoided by providing the used for a system of producing semiconductors, such as an
intermediate layer between the first and second structural electrostatic chuck, susceptor, heater, plate, inner liner mate-
bodies. Further, by controlling the thermal expansion coeffi- 20 rial, observing window, window for supplying microwave,
cient of aluminum nitride as the base material, it is possible to antenna for connecting microwave or the like. Besides,
reduce thermal stress generated between the base material according to the Experiments 22 to 24, it may be provided the
and the magnesium aluminum oxynitride and thereby to intermediate layer as the Experiments 20, 20-1, 21 and 21-1.
reduce the thickness of the intermediate layer. It is considered
that such sintered body may be preferably applied for a mem- ’s Experiments 25, 26
ber used for a system of producing semiconductors, such as
an electrostatic chuck, susceptor, heater, plate, inner liner According to the Experiment 25, as shown in table 2, a
material, observing window, windows for supplying micro- laminated body was obtained according to the same proce-
wave, antenna for connecting microwave or the like, for dure as the Experiment 20, except that the first structural bOdy
example. . was composed of alumina, the second structural body was
composed of aluminum nitride (AIN[1]), and the laminated
Experiments 22 to 24 sintering was performed in N, atmosphere. According to the
Experiment 26, as shown in table 2, a laminated body was
According to the Experiment 22, as shown in table 2, a obtained according to the same procedure as the Experiment
laminated body was obtained according to the same proce- 20, except that the first structural body was composed of
dure as the Experiment 20, except that the first structural body = spinel, the second structural body was composed of alumi-
was made of the ceramic material of the Experiment 6, the num nitride (AIN[1]), and the laminated sintering was per-
second structural body was made of aluminum nitride and the formed in N, atmosphere. According to each of the Experi-
laminated sintering was performed without the intermediate ments 25 and 26, cracks were generated at the interface
layer in N, atmosphere. According to the Experiment 23, as between the layers. This is because the difference between the
shown in table 2, a laminated body was obtained according to 40 thermal expansion coefficients of the first and second struc-
the same procedure as the Experiment 20, except that the first tural bodies is too large so that it could not prevent the crack
structural body was made of the ceramic material of the formation due to the difference of thermal expansion in spite
Experiment 6, the second structural body was made of of providing the intermediate layer.
TABLE 2
Second structural
First structural body body
Linear Linear
thermal thermal
expansion expansion Intermediate layer
Relationship coefficient coefficient  Presence Presence or
with @40~1000° C. @40~1000° C. Or Sintering tem. absence of
invention Material (pp/K) Material (ppvK) Absence  Structure °C. cracks
Exp. Inventive Exp. 7.1 AIN 5.7 Present Three layers(first and 1800 Present
20 10 (AIN[1]) second structural bodies in
layers(mass ratio) =
75/25,50/50, 25/75)
Exp. Exp. 7.1 AIN 5.7 Present Three layers(first and 1750 Absent
20-1 10 (AIN[1]) second structural bodies in
layers(mass ratio) =
75/25,50/50, 25/75)
Exp. Exp. 7.1 AIN 6.2 Present Two layers(first and 1800 Absent
21 10 (AIN[2]) second structural bodies in

layers(mass ratio) =
60/40, 40/60)
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TABLE 2-continued
Second structural
First structural body body
Linear Linear
thermal thermal
expansion expansion Intermediate layer
Relationship coefficient coefficient  Presence Presence or
with @40~1000° C. @40~1000° C. Or Sintering tem. absence of
invention Material (ppm/K) Material (pp/K) Absence  Structure °C. cracks
Exp. Exp. 7.1 AIN 6.2 Present Three layers(first and 1750 Absent
21-1 10 (AIN[2]) second structural bodies in
layers(mass ratio) =
75/25, 50/50, 25/75)
Exp. Exp. 6 7.7 Al O, 8.0 Absent — 1800 Absent
22
Exp. Exp. 6 7.7 Y,0; 7.9 Absent — 1800 Absent
23
Exp. Exp. 5.8 AIN 5.7 Absent — 1800 Absent
24 13 (AIN[1])
Exp. Comparative Alumina 8.0 AIN 5.7 Present Three layers(first and 1800 Present
25 (AIN[1]) second structural bodies
in layers(mass ratio) =
75/25, 50/50, 25/75)
Exp. Spinel 8.6 AIN 5.7 Present Three layers(first and 1800 Present
26 (AIN[1]) second structural bodies

in layers(mass ratio) =
75/25, 50/50, 25/75)

(Production and Evaluation of Electrostatic Chuck)

The electrostatic chuck of the type shown in FIG. 5(a) was
produced according to the procedure described referring to
FIG. 8. It was, however, specifically performed as follows.
(a) Raw materials of MgO, Al,O; and AIN were weighed
according to mass % shown in the experiments 1, 8 and 12
shown in table 1, and wet-mixed using isopropyl alcohol as a
solvent, a nylon pot, and alumina agitating media with a
diameter of 5 mm for 4 hours. After the mixing, the slurry was
collected and dried in nitrogen flow at 110° C. It was then
passed through a sieve of 30 mesh to produce formulated
powder. Then, the formulated powder was subjected to
uniaxial press molding at a pressure of 200 kgf/cm? to obtain
a disk shaped molded body. The molded body was then sub-
jected to hot press sintering to obtain a ceramic sintered body
2A. The hot press sintering was performed at a pressure of
200 kgf/cm? and at each temperature shown in table 1 under
Ar atmosphere until the completion of the sintering. The
holding time at the sintering temperature was made 4 hours.
Commercial product having an average particle size of 1 pm
or smaller was used in the step (a).

(b) The main face 2a of the sintered body 2a is polished so that
the surface flatness reaches 10 pm.

(c¢) Tungsten carbide powder and alumina powder are mixed
and terpineol is added to prepare paste. The paste is printed on
the polished face 1a.

(d) On the main face 2a of the sintered body 2A, aluminum
nitride powder (purity of 99.5 percent) containing 5 weight
percent of yttria was molded to prepare an aluminum nitride
molded body 14. It was sintered at 1830° C. under inert gas
atmosphere such as nitrogen gas or argon gas while it is
uniaxially pressurized. Further, the temperature is elevated
until the maximum temperature at an elevation speed of 100°
C./hour and held at the maximum temperature for 2 hours.
The pressure is made 20 MPa.

(c¢) The main face 12 of the sintered body 2A is polished to
form an adsorption face 1a to obtain a susceptor having a
thickness deviation of 100 um or smaller. A through hole is
formed in the central portion of the back face of the plate
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shaped main body 3 of the thus obtained susceptor to the
electrode 4, and a cylindrical terminal 8 is fitted into the
through hole, so that a voltage can be applied on the elec-
trodes 4 through the terminal.

Besides, materials forming the dielectric layers (surface
corrosion resistant layers) in the experiment Nos. 1, 2 and 3
shown in table 3 are those used in the experiments Nos. 1, 8
and 12, respectively, in the above examples (table 1).

Experiment No. 4

As experiment No. 4, an electrostatic chuck was produced
similarly as the experiment Nos. 1 to 3, except that the dielec-
tric layer 2 described above was formed by sintering alumi-
num nitride powder (purity of 99.5 percent) with 5 weight
percent of yttrium oxide added.

(Test Condition)

Corrosion Resistance Test:

ICP: 800 W, Bias: 450 W, Supplied gas: NF3/02/Ar=75/
35/100 scem, 0.05 Torr, Exposed time period: 100 hours,
Temperature of sample 500° C.

Evaluated Properties:

Temperature uniformity on a wafer, adsorption force and
surface roughness before and after the corrosion resistance
test described above.

Measurement of Temperature Uniformity:

An Si wafer was mounted on a mounting face of the elec-
trostatic chuck and a direct current voltage of +500V was
applied onto the electrostatic chuck electrode to adsorb the Si
wafer. The vacuum degree in the chamber was set at 1E-4 Torr
and the power was applied onto the heating resistance to heat
to an evaluation temperature of 400° C. at a temperature
elevation speed of 10° C./min. After it was confirmed that the
input power became constant, the temperature was confirmed
by an IR camera (supplied by Nippon Densi: 6100, 21 pts). A
difference AT between the maximum and minimum values of
the temperature on the wafer was defined as temperature
uniformity (unit: ° C.). As the temperature uniformity AT is
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smaller, the temperature uniformity is better, enabling more
uniform etching in etching treatment of the wafer, for
example.

Adsorption Force:

An Si probe (5 cm?) was set on the product and direct
current voltage of 500V was applied onto the electrostatic
chuck electrode in vacuum state (1E-4 Torr) to adsorb the Si
probe. After 1 minute, the probe was removed to measure a
force required for the removal. The measurement was per-
formed at four points in a plane; (40, 40), (=40, —40), (40,
-40) and (40, 40). At this time, the center of a circle passing
optional three points on the outer profile of the product was
made (0, 0).

Surface Roughness:

The roughness of the product surface was measured by
Tailor-Hobson roughness measuring instrument. The mea-
surement was performed at two optional positions in inside
and outside parts of the plane.
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num nitride sintered bodies were pressed with each other in a
direction perpendicular to the bonding faces. The pressuriza-
tion was performed at a pressure of 4 MPa, started from the
time point of 1200° C., continued during they were held at the
bonding temperature of 1450° C. and finished at the time
point where they were cooled at 700° C. The bonding agent
was prepared by mixing calcium carbonate and alumina pow-
ders in a small amount of water to a paste in a composition of
54 weight percent of CaO and 46 weight percent of Al,O;.
Besides, the bonding part had a diameter of 72 mm. The
ceramic plate and cylinder shaft were bonded with each other,
and an electrical supply rod of nickel was then bonded to the
connection terminal in the electrode exposed part of the
ceramic plate by soldering using gold solder through COVAL
metal.

Although specific embodiments of the present invention
have been described above, the invention is not to be limited

TABLE 3
Temperature Uniformity Adsorption
on wafer (°C.) force (kPa) Surface roghness (um)
Before Before Before
Material of corrosion After After corrosion After After corrosion After After
Ex. Dielectric resistance S50 RF 100 RF resistance 50 RF 100 RF resistance S50 RF 100 RF
No. layer test hours  hours test hours  hours test hours  hours
1 Experiment 1 3.2 3.2 3.3 15 15 14 0.5 0.5 0.6
2 Experiment 2 3 3.3 3.6 15 14 13 0.6 0.7 0.8
3 Experiment 2.8 3.1 3.4 16 15 13 0.7 0.8 1.0
12
4 Comparative 2.5 4.8 7.8 17 14 12 0.7 0.9 1.3
Example 1

According to the Experiment Nos. 1, 2 and 3, the tempera-
ture uniformity on wafer before the corrosion resistance test
was relatively good, and deterioration of the temperature
uniformity on wafer after the corrosion resistance test was
very small and reduction of the adsorption force was very low.

According to the Experiment No. 4, although the initial
temperature uniformity on wafer was very good, the tempera-
ture uniformity on wafer and adsorption force after the cor-
rosion resistance test were considerably deteriorated.

These actions and effects are epoch-making in the field of
semiconductor treating system, and it can be understood that
various applications are expected in the industries.
(Production of Electrostatic Chuck with Supporting Part 9)

After the electrostatic chuck was produced according to (a)
to (e) as described above, the supporting part (shaft) 9 was
fitted to the back face.

() Mixture of aluminum nitride powder and 0.5 weight per-
cent of yttria powder added was molded using a metal mold
by cold isostatic press molding (CIP molding) into a shape of
a cylindrical shaft, which was sintered at an ambient pressure
in nitrogen and subjected to grinding to obtain a cylindrical
shaft. The cylindrical shaft was then bonded to the central
portion of the ceramic plate at the face to which the electrode
was exposed. In the bonding, the flatness of the surface to be
bonded is made 10 pm or lower. Then, a bonding agent was
uniformly applied on the bonding face of the shaft so that an
amount of the bonding agent was made 14 g/cm?. The bond-
ing faces of the ceramic plate and cylindrical shaft were
bonded with each other and held in nitrogen gas atmosphere
at a bonding temperature of 1450° C. for 2 hours. The tem-
perature elevation speed was made 3.3° C. minute and nitro-
gen gas (N,, 1.5 atom) was introduced from the time point
when the temperature reached 1200° C. Further, the alumi-
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to these specific embodiments and can be performed with
various changes and modifications, without departing from
claims.

The invention claimed is:

1. An electrostatic chuck comprising a susceptor and an
electrostatic chuck electrode embedded within said suscep-
tor, said susceptor comprising an adsorption face of adsorb-
ing a semiconductor:

wherein said susceptor comprises a plate shaped main

body and a surface corrosion resistant layer, said surface
corrosion resistant layer comprising an upper face pro-
viding said adsorption face;
wherein said surface corrosion resistant layer comprises a
ceramic material comprising magnesium, aluminum,
oxygen and nitrogen as main components; and

wherein said ceramic material comprises (i) a main phase
comprising magnesium-aluminum oxynitride phase
exhibiting an XRD peak at least in 26=47 to 50° taken by
using CuKa ray, and (ii) a sub phase comprising a crys-
tal phase of MgO—AIN solid solution wherein alumi-
num nitride is dissolved into magnesium oxide, wherein
said MgO—AIN solid solution has XRD peaks at (200)
and (220) faces taken by using, CuKa ray in ranges of
2mw=42.9 to 44.8° and 62.3 to 65.2°, respectively, which
are between peaks of cubic phase of magnesium oxide
and cubic phase of aluminum nitride, respectively.

2. The electrostatic chuck of claim 1, wherein a radio
frequency voltage can be applied onto said electrostatic chuck
electrode.

3. The electrostatic chuck of claim 1, wherein said electro-
static chuck electrode is provided on a main face of said
surface corrosion resistant layer on the side of said plate
shaped main body.
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4. The electrostatic chuck of claim 1, further comprising a
heating member embedded within said plate shaped main
body.

5. The electrostatic chuck of claim 1, further comprising a
supporting part bonded to a back face of said susceptor.

6. The electrostatic chuck of claim 5, wherein said support-
ing part comprises said ceramic material.

7. The electrostatic chuck of claim 5, further comprising an
electrical supplying member contained in an inner space of
said supporting part and electrically connected to say electro-
static chuck electrode.

8. The electrostatic chuck of claim 1, wherein said 20 is 47
to 49°.

9. The electrostatic chuck of claim 1, wherein said MgO—
AIN solid solution has an XRD peak at (111) face taken by
using CuKa ray in a range of 20=36.9 to 39°, which is
between peaks of cubic phase of magnesium oxide and cubic
phase of aluminum nitride.

10. The electrostatic chuck of claim 1, wherein said
ceramic material does not contain AIN crystal phase.

11. The electrostatic chuck of claim 1, wherein said plate
shaped main body comprises a ceramics comprising alumi-
num nitride, yttrium oxide or aluminum oxide as a main
phase.

20

25

26



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,202,718 B2 Page 1 of 1
APPLICATION NO. : 13/864467

DATED : December 1, 2015

INVENTOR(S) : Aikawa et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title Page, Foreign Application Priority Data, Item (30)

Please change:

“Jun. 17,2011 (JP) 2011-35312” to -- Jun. 17, 2011 (JP) 2011-135312 --

Signed and Sealed this
Second Day of August, 2016

Dectatle X Loa

Michelle K. Lee
Director of the United States Patent and Trademark Office



